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PREFACE 
One purpose of this paper is to provide eighth grade students 
with a preview of the basic concepts and terminology used in graphing. 
This paper could also be used as assigned supplementary material for 
algebra and geometry students. In the author's opinion the first two 
chapters can be read and understood by an above average eighth grade 
student. The last three chapters, on the other hand, should probably be 
limited to those students who have had at least one semester of algebra 
and the latter sections require a knowledge of Euclidean geometry. 
This paper is somewhat of a personal challenge for the author since 
analytic geometry was the first really difficult mathematics course that 
was encountered in college. Therefore, this paper was conceived with the 
intention of clarifying some of the basic concepts of analytic geometry 
for any interested students of mathematics. 
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NOTE TO THE STUDENT 
It should be clearly understood that this paper will in no way 
be a substitute for any of your regular mathematics classes. It is hoped 
that this paper will give you a better understanding of some of the concepts 
in graphing. You should be careful not to read this material as you would 
a novel. Instead, think as you read, and be certain you understand all new 
ideas before continuing. As in all your studies of mathematics, later 
concepts are based on previously learned facts and understandings. As you 
come to new words and symbols, use the lists provided in the appendix. 
As you glance through this paper, do not be discouraged if you 
find information that you do not understand. You might try to thin.~ of 
the feelings of a person who is looking from the ground floor, through 
a spiralling staircase to the top of a great monument. He may feel as 
though there is no end, and yet as he begins, taking a step at a tL~e, 
he eventually reaches his destination. The same feeling comes over too 
many students as they try to look ahead. In rnathematics,especiallY,YOU 
must be satisfied to take one step at a time if you are to reach the 
desired goal of understanding. 
2 
CHAPTER I 
A COORDINATE SYSTEM 
Suppose that you are one of several students going to a music camp 
in a town that is new to you. Naturally if the camp is going to be for a 
week or more, one of your minor problems is that of finding your way around 
town. Let us consider Figure l to be a map of the places you are interested 
in locating. 
Starting from the music area consider toward the top of the page 
to be north and toward the right to be east. The N(north) and E(east) 
lines are divided into equal city blocks. Assuming the large points to 
be the location of each area try to give a set of directions for finding 
each area and then look below to check your directions with mine. Note 
that you should always start from the music area to give each set of 
directions. In graphing we call this point the point of origin or simply 
the origin. 
1. Music area is 0 blocks E and 0 blocks N. 
2. Theater is 0 blocks E and 5 blocks N. 
). Church is 4 blocks E and 6 blocks N. 
4. Living quarters is 2 blocks E and 3 blocks N. 
5. Cafeteria is J blocks E and it blocks N. 
6. Tennis courts are 5 blocks E and 0 blocks N. 
Try to answer the following questions using the above set of 
directions as the basis for your answers. 
1. (a) Which direction is always given first? 
(b) Will you always get the same point regardless of the direction 
given first? 
2. How many numbers are used to locate each point? 
). What name has been given, in graphing, to 0 blocks E and 0 block N? 
In graphing one of our first problems is very similar to the 
problem in the story just described. When we locate points by using 
two numbers, we are using what is known as a two dimensional coordinate 
system. By two dimensions it is meant that we use length and width.only 
to locate a point. This system is also referred to as a coordinate plane 
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since a plane has length and width only. Each of the numbers used is 
called a coordinate. The line indicating north, in our problem, is called 
the vertical axis in graphing. Likewise the line indicating east is called 
the horizontal axis. If a letter is used to name an axis such as N for 
the vertical axis and E for the horizontal axis then we simply ref er to 
the respective lines by writing the N-axis and the E-axis. For example 
in Figure 2 below there is indicated a Y-axis, an X-axis, and an origin. 
y 
I 
/origin 
.__ ___ x 
Figure 2 
Using Figure 2 as a reference if a number represents a certain 
number of spaces from the Y-axis that number is called the x-coordinate, 
and a number representing a certain number of spaces from the X-axis is 
called the y-coordinate. In the story the number of blocks east was 
always given first, likewise the x-coordinate is always given first in 
graphing. Each point in this coordinate system can be located by giving 
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one x-coordinate and one y-coordinate. For example, note how the following 
points are located and named in Figure 3. 
3 
2 
Figure .3 
At this time you should review and make certain you know the meaning 
of all new words. Also it is very important for you to remember that the 
first number within the parentheses is the x-coordinate. As has been 
stressed before, you would do well to apply these ideas by referring to 
a good text book. 
If you refer to Figure 1 you should notice that there is no way 
to describe the location of any points to the south or ~est of the music 
area. And likewise there is no way, in Figures 2 and J, of locating 
points below or to the left of the origin. But if we extend the X-axis 
to the left and the Y-axis below the origin, then it would be possible 
to locate points in any direction. For example we could now say a point 
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S is 2 units to the left and 3 units down. In order to simolify the i-:ri ting, 
mathematicians have agreed to indicate left and down by the (-) negative 
sign. In the same way up and right are both indicated by either a (+) 
positive sign or by no sign at all. In other words the (+) or (-) can 
be thought of as directional signals. For example the x-coordinate +3 
or 3 means go to the right 3 units while the y-coordinate +3 or 3 means 
go up 3 units. If the x-coordinate is -3 then you should go to the left 
3 U."'lits and if the y-coordinate is -3 you should go down 3 units. 
All points, except those that lie on one or both axes, are said 
to lie in a quadrant. The prefix quad indicates the number four; thus, 
there are four quadrants. The quadrants are referred to by Roman numerals 
going in a counter-clockwise order.l The points in each quadrant satisfies 
two conditions. Quadrant I contains all points to the right of the Y-axis 
and above the X-axis. Quadrant II contains all points to the left of the 
Y-axis and above the X-axis. Quadrant III contains all points to the 
left of the Y-axis and below the X-axis. Quadrant IV contains all the 
points to the right of the Y-axis and below the X-axis. l''igure 4 indicates 
the quadrants and also has nine points nlotted for you. There is a brief 
description, below the figure, telling how to find the location of po'lnts 
A, C, E, G, and I. 
lMallory, Skeen, and Meserve. First Course in Al~ebra. (Chicago: 
The L. W. Singer Company, Inc., 1961), p. 160. 
7 
II I 
• B (4/J.) 
3 
2 
• c (-3)1) 1 
x 
1. 5 
-1 
11I N 
Figure 4 
Point A is found by going 2 units right and up 1 unit. Point C 
is found by going 3 units left and up 1 u...~it. Point E is found by going 
2 units left and down 2 units. Point G is found by going 4 units right 
and down 2 units. Finally point I, the origin, is found by going 0 units 
right or left and 0 units up or down. Study the rest of Figure 4 care-
fully and then answer the following questions. 
1. What point is equally distant from (3,0), (0,3). (-J,0), and (0,-3)? 
2. Which quadrant has the x and y coordinates both positive? 
3. Fill in this table showing whether the x and y coordinates are (+) 
or (-) in each quadrant. 
' 
uadrant Q I II III IV 
x 
·------
y 
·-~--~---- ---~ 
----
4. Which quadrant has x and y both negative? 
5. All points above the X-axis have--------- y-coordinates 
8 
while all points below the X-axis have -------- y-coordinates. 
6. All points to the right of the Y-axis have-------- x-
coordinates while all points to the left of the Y-axis have 
-------- x-coordinates. 
7. All points on the Y-axis have x= --------- while a.11 points 
on the x-axis have y= ------------· 
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CHAPTER II 
GRAPHING FOR.1'1ULAS AND EQUATIONS 
Before we get into a discussion concerning the graphing of formulas 
and equations, there are a few other terms necessary for you to know. 
The x-coordinate of a point is called its abscissa; the y-coordinate, its 
ordinate. The coordinates, (x,y) are called an ordered pair of numbers 
because they are always given in that order. It should be noted that for 
every point there is a distinct ordered pair of numbers. For example if 
you were asked to find the point (J,-2) there would be one and only one 
point you could find, assu.."'lling you were given the axes and scale. 
A graph is a set of points all of whose coordinates satisfy a 
given formula or equation. For example when the formula for changing 
from Fahrenheit degrees to Centigrade degrees is graphed, each point on 
the graph has one pair of coordinates which satisfies the formula. Study 
the graph in Figure 5 and the table of ordered pairs, which have been 
plotted, before answering the following questions. 
.. 
When F= C· -10° ' ' 40' 
! 
60' l 
-20 0 32 
Then c: -29° -23. -18 ' 
(/ 4' 16' I 0 
·-
;._ ____ 1 
Table of ordered pairs of coordinates 
satisfying the formula C= 5/9(F-J2) 
c 
30 
.J.S 
JS 
10 
.5 
f?~ 
~/ 
~1~ 
(/ (40,4) 
(3.2.,C>) 
._._.. _ _,_____,. _ ___J 
- F_ r.,~ . -50 -40 -30 -.2. 0 -JO 0 10 .J..O 
-5 
-JO 
(-10)-J.3) 
.-,51 (-20;-~9) --< r 
- -3o~ 
-c 
Figure 5 
10 
F 
1. In this graph the vertical axis is the ------- -axis and 
the horizontal axis is the------- -axis. 
2. Note that the formula is placed just above the graph. 
J. Note that a uniform scale is used on each axis which is absolutely 
necessary. 
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4. Also note that when picking nUDlbers for your table it is wise to use 
negative numbers, zero, and positive numbers. Otherwise you may get 
a distorted picture of the graph. 
5. ~·fuen F=O then C= 
~~~~~~~~-
6. When C=O then F= 
~--~~~~-----
?. When F=O what line does the graph cross? 
8. When C=O what line does the graph cross? 
9. How many letters are there in the formula? 
10. Do you think that when there are two variables in a formula you will 
always have a straight line graph? 
Let us now look at a graph of another formula using two letters. 
Then read question 10 again and see if you need to change your answer. 
·-5 
When S= 
-3 -2 -1 0 1 2 
l.Then A= 9 I+ 1 0 1 4 
Table of ordered pairs of coordinates 
satisfying the formula A= s2 
A 
10 
f (3/) 
I 
-5 -Lf -3 -2 -J 0 3 
-1 
-A 
Figure 6 
--~ 
3 
9 
5 
The graph of the formula for the area of a square, A= s2, shows 
12 
that the assumption insinuated in question 10 is false. You may well ask 
how one can know that a graph is going to be a straight line. 
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The formula C= 5/9(F-32) is a first degree equation, while A= s2 is a 
second degree equation. Anytime one has a first degree equation, as de-
fined in Appendix B, then the graph of that equation or formula is a 
straight line. An equation that has a straight line graph is called a 
linear equation. The general form of such an equation is ax + by+ c = O, 
where a, b, and c are real numbers, a and b are not both zero, and x and 
y are variables (unknowns).2 With the aid of sketches try to answer these 
questions. 
1. What is the greatest number of straight lines that could be passed 
through one point7 
2. vlhat is the greatest number of straight lines that could be passed 
through two points? 
J. What is the greatest number of straight lines that could be passed 
through three collinear points? 
4. What is the least number of points necessary to draw a specific 
straight line? 
Therefore if you know two points whose coordinates satisfy a linear equa-
tion then you have enough information to plot its graph. To help you 
gain a more complete understanding of how to graph an equation try to 
follow the solutions of the following examples. 
Example 1: 
Graph the linear equation y= x-J 
(a) Make a table by finding the values of y for several corres-
ponding values.of x. 
(b) Plot the points. 
(c) Connect the points. 
2Ibid. , p. 164. 
-x 
-s 
Example 2: 
Table of ordered pairs of coordinates 
satisfying the equation y= x-3 
y 
5 
3 
1 
-3 
.l 
/ 
Lt -1.J.\ l ) 'I 
-Y 
Graph the equation 5x + 2y = O. Follow the plan of the first 
example since this is also a linear equation. Generally 
speaking you will only need three pairs of nu.~bers. Two pairs 
are needed to plot the graph and a third pair is desirable 
to check the accuracy of the other two. 
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r:1-:~r~1 
--.L.-. -~- __ J _ -----~ 
Table of ordered pairs of coordinates 
satisfying the equation 5x + 2y= 0 
' ' -x '-
-~? -.:.;- -3 ·-~---'---'---- x 
.1 2 3 "'/ 5 -2 -1 
,, 
·-5 0 
-t/ 
-s 
-G 
-Y 
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CP..APTER III 
LENGTH AND MIDPOINT OF A LINE SEGYJ.ENT 
To find the length of a line is a problem you have had for several 
years. In the past you have found the length of a line by using a ruler 
and measuring the line's length in inches. In graphing it is often 
necessary to compute the length of a line segment. This is the same as 
finding the distance between two points. In algebra when we wish to 
find the distance or the difference between two numbers on a number 
scale, we subtract. For example in Figure 7 the distance between 9 and 
3 is 9-3 =6. Of course, if the numbers are not both positive then we 
have to use our knowledge of operations with positive and negative numbers. 
'9- 3 = 6 
.L 
0 1 
Figure 7 
Now look at Figures 8 and 9 which are two graphs of line segments 
parallel to the X-axis and Y-axis respectively. The line parallel to the 
X-axis has the y-coordinates equal. Due to this it is fairly simple to 
find the length of a line parallel to the X-axis. Notice that the length 
~ ?2 is simply x1 -x.i. or x.z -x1 • Since we are interested only in the length 
of the line we shall only consider the number without its sign. Or in 
other words we are interested in the absolute value of their difference. 
y 
. .] 
A(-211.) 
1 
-1 
-.2 
..... _3 ... 
-Y 
Figure 8 
y 
.? r 
1 
->( '------L--------L---
-j -2 -1 () 
-1 
-2 
-3 L 
-Y 
Figure 9 
1 
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8(2 )t) 
-··-3 x 
P(·x: ,/cl) 
t i-'.li. 
Symbolically this is written lx.t -x.:tl = Llx or lx .. -x1 I= .1x. For example the 
length of the segment AB in Figure 8 would be found in the fol1.owi...'1g manner: 
either l-2-31= 1-51=5, 
or 13+2! =j+5I =5. 
Both give the correct length of the segment. D. x is a symbol used to mean 
the difference between the x-coordina tes and likewise t:. y means the di ff er-
ence between the y-coordinates. 
In Figure 9 we can find the length of If t in a manner similar to 
that in Figure 8. Since the x-coordinPtes are the same we will need to 
subtract the y-coord.inates to find the length of the segment. Thus in 
symbols l,''j_ -Y) =i1y or IY.z -Jj I =4y. Using the line segment AB the length 
is found by 1-2-l!=J or 11+2!=3. 
It is relatively easy to find the distance between two ooints when 
they are on a line oarallel to one of the axes, but it is a little more 
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difficult when the line containing the points is not parallel to either 
axis. 
Using Figure 10 we shall find a way to compute the distance between 
any two given points. In the figure the two given points are P1 and P2 • 
The dotted lines indicating perpendiculars to the axes have been drawn 
through f'.t and P2 , intersecting at P~ , thus forming the right triangle 
~ P, ~ • As you study Figure 10 answer the following questions. 
-x 
y 
-y 
/ 
Ii ; 'x;' /,, 
//I d / ' / ' /\ ,, ///' '.!:.) ·.:;.---
/,. 1-; \. I 
/__ - -- -- -- -- - .. ;_, ! . , \ ; " 
P( ) -11'-;,:__: l1I 
'.' k't ) i; -( ;, 1 
Figure 10 
1. Which two points have the same x-coordinates? 
2. Which two points have the same y-coordinates? 
x 
J. The hypotenuse of the triangle is the distance d between the two given 
points. Therefore d= 
-~~-~~-~-
(Use P1 , P2 , and P3 to answer 
3 and 4.) 
4. And t::i.x= ---------•while 1~y= ---------
5. Using a and b as the legs of a right triangle and c as the hypotenuse, 
2. 2. :i. the Pythagorean theorem states that a +b = c . Using the fact that 
P1 ~ = Lr- \xt -x.;;: \• P-' P.:.: = 11y= 1~ -Y.i.. I• and ~ ~ =d let us derive the gen-
eral distance formula in three forms. 
(a) 
l 2. :i 
1. (~ ~ ) =(~ ~ ) +(~ ~ ) 
2. < \](i .2 :l # , ~ p.1. = (~ P3 ) +(~ I; ) 
(b) 
l. .t .J. 
1 • d =( cjx) +( Ay) 
2. . v :l. ). • , d=( 6x) +( .ay) 
(c) 
1. by the Pythagorean theorem 
2. by taking the square root of 
both sides of the equation in 
step 1 
1. by the Pythagorean theorem 
2. by taking the square root of 
both sides of the equation in 
step 1 
1. by the Pythagorean theorem 
2. by taking the square root of 
both sides of the equation in 
step 1 
This formula may be found in all three forms in appendix C. 
Example: 
Given: the two points A(3, 4) and B(5, -6) 
Find: the distance Q.etween the points by using the distance 
formula d= V(.dx)4 +( L\y)~ 
Solution: d= V<t2f +(+1of 
d= v1.i-+100 
d= \/104 
d::l: 10.198 
Besides finding the length of a line, one must often be able 
to find the midpoint of a line segment AB as in Figure 11. 
19 
20 
y 
c 
N - -- - l!'.3 Jv/ ( x__, ) !'l3) 
J) 
I 
-x --·-·-··-····-·-··-···-------_J ____________ ___l________ x 0 ' 
-Y 
Figure 11 
Using (x1 , ~)and (x~, ~)as the coordinates of two given points, our 
problem is to find the formula for obtaining the unknown coordinates of the 
midpoint. As before, the dotted lines are perpendiculars to the axes. It 
should be noted here that the discussion which follows will apply in the 
first quadrant only. However by using the rules of signed numbers the 
formula derived here may be used in all quadrants as will be shown in an 
example later. The distance from point B to the Y-axis is x~, the distance 
from point A to the Y-axis is x1 , and the distance from point M (the mid-
point) to the Y-axis is X;· Since all three lines are perpendicular to 
the same line, the Y-axis, they are all parallel to each other. Thus we 
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have a trapezoid ABCD, and since M, the midpoint, bisects AB, the line MN 
bisects CD. Therefore MN is the median of trapezoid ABCD, and from 
Euclidean geometry, the median of a trapezoid equals half the su.~ of its 
bases. x +x Therefore x = 1 ~. Using similar reasoning, with the lines per-~ 2 
pendicular to the X-axis, the formula for the y-coordinate may also be 
found. This formula is y = Yi +y.:z. • To show how these formulas may be ap-
3 2 
plied follow the two examples below. The second one involves points in 
the first and third quadrants demonstrating how to apply the formulas with 
points in a quadrant different from the first. 
Example 1: 
Given: the points A(lO, 7) and B(l, 2) 
Find: the coordinates of the point bisecting the line AB 
10+1 d 7+2 
x= --z an y= 2 
/. x=5t and r-4i 
Example 2: 
Given: the points C(5, 3) and D(-7, -11) 
Find: the coordinates of the points bisecting the line CD 
5+(-7) d 3+(-11) x= an y= --.--2 2 
• •• x= -1 and y= -4 
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CHAPTER IV 
SLOPE OF A LINE 
As you plotted a few straight lines you may or may not have noticed 
how some of the lines slant one way or another. To a person who is inter-
ested in graphing it is useful to have a way to determine exactly how a 
line is going to be slanting. To determine this slant mathematicians have 
invented the concept of the slope of a line. The slope of a line is de-
fined in terms of any two points on the line and it should be understood 
that a line has one and only one slope. Ref er to Figure 12 in order to 
follow the formula we will use to determine the slope of a line. 
y 
-x -·····- ·------- ----
differences. 
marily used to 
-Y 
Figure 12 
Let ..& y=~ -Y;;. and Lix=x1 -x::l be defined as the coordinates' 
Therefore slope=~Yi -Yz or since the letter m is custo-
AA Xj -xl. 
denote slope the formula is m::Ji -Yi • !·Jote that al though 
Xj-X2 
we use ~l -y2 and x1 -x.i for the differences between the coordinates it 
would be just as proper to use Yz -y1 and xJ. -x1 • The important thing is 
to use one pair of coordinates for the minuends and the other pair for 
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the subtrahends. For example, suppose a line passes through point A(4, 5) 
and point B(l, 2). x -x =4-1=3 and y -Y.. =5-2=3 or x -x.=2--4=-3 and Y,, -Y. = 1 .;2. ·.1 ;;. .. 1 .( -~ l 
2-5=-J. Using the first pair, m=_33=1, and using the second pair, m=-3=1, ::) 
thus showing that you get the same slope regardless of which pair of co-
ordinates you use first. Figures 13-16 will be used to illustrate the 
four general kinds of slopes encountered.3 
y y 
3 
r 
.2 
c (-t)J) 
.1 < 1 
I 
-x -3 ---j:i.,_ __ t-~-0-~J.-----;l---'3 x 
-x '"--_-'2--..• -1. __ !() ____j.l---· ·--~ x 
-3 - ro .2 ; 
_J /~ (-3-.t) 
) . 
-2 . 
i 
-)_ . I 
-J 1-
·-3 
- 3 l 
-Y -Y 
positive slope negative slooe 
Figure 13 lt'igure 14 
3Munro, Thomas. Coordinate Geometry. (New York: Oxford Book 
Company, Inc., 1960), p. 12. 
!)/:; -1 \ 
. ) / 
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y y 
-3 . 3 
f3 (2., : ..') , 
l r 
0 ii -----~----0 1 
-
-·i 1· 
-3 l 
-1. 
i 
-~[·. 
-3 
D(2 -2) ) -
y -Y 
~- _Q_ __ 0 
/j x - +4 - ,6. 1- - +1 L:;')L - -o· 
Figure 15--zero slope Figure 16--no slope 
since division by zero is undefined 
1. A line which slopes downward to the 
------
has a negative 
slope. 
2. A line parallel to the X-axis has slope. 
~--~~--~ 
3. A line which slants upward to the -------- has a positive 
slope. 
4. A line parallel to the Y-axis has slope. 
~--~---~ 
Before leaving this discussion on slope, there are a couple of 
rather interesting relationships which should be noted. Try to visualize, 
for each of the Figures 13-16, another line with the same slope, then 
answer these questions. 
1. How many such lines would there be? (a) one, (b) two, (c) three, or 
(d) many 
2. How many of these would seem to be parallel to the original line? 
25 
J. So isn't it conceivable that lines with equal slopes are parallel and 
conversely? 
This, of course, is no proof, but the discussion which follows is a geo-
metric proof of this relationship. 
y 
i3(~;i.J~) 
I 
I 
t 
:A1' 
-Y 
I / 
I 4:f· 
c' -· X 
Given: ~ ACB and A' C 1 B' with AC and A 1C1 lying on the X-axis 
Slope of AJ3:: Slope of A'B' 
L ACB and L.. A'C'B' are rt. b 
Prove: AB' 11 A1 B1 
Proof: 
Statements 
1. A\ ACB and A 1 C 1 B' with AC and A' C' 
lying on the X-axis 
Slope of AB= Slope of A'B' 
2. ~-'I-; l .._ =slope of AB and 
x.t- ~ 
- <h-1t;i.' =slope of A'B' 
-:c/- x; 
Reasons 
1. Given 
2. Definition of slope 
3. 51 - /'-,_ 
\:'t - Y,,_ 
4. LACB and LA' C'B' are rt. A 
5. .L ACB=LA I c I B' 
7 • L CAB= L c I A I BI 
8. :"ABllA 1 B1 
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3. Substitution axiom 
i+. Given 
5. All right Ls are =. 
6. 2 .&,, are /"'-./if an L. of one 
s an L of the other and the 
sides including these ..L§ 
are in proportion. 
7. Similar &, are mutually 
equiangular. 
8. If 2 lines are cut by a 
transversal such that a oair 
of corresponding ~s are =, 
the lines are 11 • 
To show the converse of this you would show the triangles to be similar 
'lt / 
and then set up the proportion 411~ = A;: which is the same as showing the 
slopes to be equal if the lines are parallel. Use F lgure 17 to follow 
the line of reasoning below to show the relationship between two perpen-
dicular lines and their slopes. 
J> ' 
-x 
A 
R (X.;,) ?<i) }-- - y Ll /(, 
I 
,1i1 
v I 
I 
-Y 
Figure 17 
B 
c 
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In Figure 17: AB .LCD at T and .£ORT and TSP are right &. with coordinates 
as indicated. The triangles are constructed such that TO=TP and TS=RO 
thus making them ~ LS since they are right fii with a hypotenuse and a side 
equal to a hypotenuse and a side. It should now be observed that ~x= 
x1 -x2 , Ax'=x...-x., Ay=y,, -Y. , and 4y 1 =~. -v_ • Also note that since the 
- .:> .:I'. l :) ~ "3 
length of i1 x equals the length of Ly' then l~xl= Illy' I for the same 
reasons I Ax' I= I /1 y I· Next you should notice that the slope of AB is 
~ Y and the slope of CD is I.\ :1-;. You should also recall from Figure 13 
~ ~x 
that AB has a positive slope while Figure 14 shows that CD has a negative 
slope. Let ~ x' and /J.y be given the length of.!. and Llx and Lly1 be 
Q h given the length J2. then the slope of AB= band the slope of CD=-~. In 
Cl h ,..,( b'l 1 1 
symbols if m=1;· and m1=- ·(1- then mm'= 1; - a-1=-l or m=- m"and m'=-m-• 
In other words, if two nonvertical lines are perpendicular, their slopes 
are negative reciprocals of one another. For example if the slope of a 
line is 2/3, then a line perpendicular to it would have a slope of -3/2. 
Before going to the next chapter we will now work through the 
following exercise. 
Show that the gr~.phs of 3,y+5x=6 and 5y-3x=-6 are perpendicular 
lines. Solution: 
1. If y=O in Jy+5x=6 then x= ~and if x=O then y=2. From this 
:> 
we have two points the graph passes through, ( % , 0) and 
(0, 2). 
2. If y=O in 5y-Jx=-6 then x=2 and if x=O then y=- }· From 
this we have two points the gra!'J1 of this equation passes 
3. 
through, (2, 0) and (0, - %:>. 
o-:z. -.i § 
The slope of Jy+5x=6 is ~-o- = r. -=-1· 
~ 7$-
o- c-4') _ ~- 3 3x=-6 is - -- -
...2.-0 .). f,-" 
The slope of 5y-
4. ~·Je can now conclude that the graphs of the two equations 
are perpendicular because the slope -..f and -'J:- are negative 
reciprocals of one another. 
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CHAPTER V 
THE STRAIGHT LrnE 
In this chapter' we will be considering some of the ideas studied 
in beginning analytic geometry. Analytic geometry has two main objectives. 
The first is to learn to associate with each locus the characteristic form 
of its equation, and the second is to learn to infer fror.1 the type form 
of the equation, the nature and properties of the locus which it repre-
sents. 4 In other words this means that the first objective is to learn 
the general properties of the different graphs. The second objective is 
then to learn the specific equations that represent each of these graphs. 
This unit will only consider the equations of a straight line. 
In geometry we define locus as the set of all points which satisfy 
a given condition. In analytic geometry every locus is represented by an 
equation and every equation represents a locus.5 Since we have previously 
learned how to represent any point by coordinates, a coordinate system 
is very useful in the study of locus. The graph of an equation can be 
thought of as the locus of an equation, as indeed it is. The graph of a 
straight line has many properties and its equation has rn.any forms which 
we shall try to discover. Read carefully the following questions and in 
answering them you will be able to discover many properties of a straight 
line. 
4Butler and Wren, The Teaching of Secondary Mathematics, (New 
York: 11cGraw-Hill Book Company, Inc., 1960), p. 556. 
5Ibid •• p. 556. 
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y y 
A 
A (o>Je.) 8 
-x ko -- x -x 
-x 
B 
-y 
-Y 
Figure 18 Figure 19 
y y 
--x 
I 
-y 
-Y 
Figure 20 Figure 21 
1. In Figure 18 the locus passes through what point on the X-axis? 
2. Assuming AB to be parallel to the Y-axis, in Figure 18, what is the 
x-coordinate of point Ar Point B? 
Any point on the locus? 
J. Since an equation describes the conditions of a locus, the equation 
of the locus in Figure 18 is x= -------- which means that 
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every point on the locus has an x-coord.inate k where k is a constant 
given in a specific locus problem. 
4. Line AB in Figure 18. is parallel to the ~-axis and therefore any 
equation of the form x=k is always parallel to the _-axis or is 
the ~-axis when k= ~· 
5. Figure 19 is similar to Figure 18 except this time line AB is parallel 
to the _-axis. 
6. Instead of the locus having the equation x=k, it has the equation 
_=k. 
? • When a line is parallel to the X-axis, its slope is 
~----~--~ 
and if it is parallel to the Y-axis it has -------- slope. 
(Refer to Figures 15 and 16.) 
8. Thus y=k has-------- slope and x=k has------- slope. 
Figure 20 is a line which passes through the orgin and has the equation 
y=mx where m is the slope of the line. For example if y= -~ x is the 
equation to be graphed.. You know from looking at the equation that one 
point on the line is a point A. ( O, O) since it is true that if x=0 in y=mx 
y 
3 
i. . 
-X-+- ·:.._3 -2 -1 ~-...___.L __ , x .2. 3 'f 
-;J..l 
-3 
-Y 
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then y=O. Using the slope you could find another point on the graph by 
going right 3 units and up 2 units as in the drawing on the page preceding. 
In Figure 21 the line does not pass through the origin and has the equa-
tion y=m.x+k where k is the y-coordinate of the point through which the 
graph intercepts the Y-axis. Thus to graph y= t .x+2 your first point is 
A (O, 2) and another point may be found by using the slope as pictured below. 
-x '-:--
'-'!- -3 -.<. 
-t 
y 
if r 
3 
I 
I 
I 
-- - - - - ·- -~ 
A(o,2) 
n 
u 1 2. 3 
-1 t 
-2 
-Y 
B(~~ 
if 
x 
This form of the straight line, y=mx+k, is called the slope intercept 
form and is customarily given with k=b making the formula y=mx+b. 
Summarizing, we have considered four general forms of the equa-
tion of a straight line. The equation of a line parallel to the Y-axis 
is x=k and sirnilarly the equation of a line parallel to the x-axis is y=k. 
The equation of a line passing through the origin is y=mx and finally the 
slope intercept form of a straight line is y=mx+b. 
Fro:n the definition of slope it is fairly easy to derive the two 
point form. Let (x1 , ~ ) , and (x2 , Y;i_ ) be the coordinates of two known 
points as in Figure 22. 
y 
-x x 
-Y 
Figure 22 
Since the slope is defined as ~ t , then when we use the coor-
dinates of the two known points, LlJ- =.Yi-la • But using only the coor-
'1X'. X1- X2. 
dinates (x.1., ~ ) and the coordinates of a general point on the line 
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represented by (x, y), then ;; = {-=_~.i . Since a line has one and only 
one slope we can now say that ·1£.-~.:1. = 'Y:t--t.:i.. • This is the two point form 
:<- ¥2.. -:S - x_,_ 
of a straight line. As an example of how this can be used suppose you are 
given points A (-1, -2) and B (5, J). You could then give an equation of 
the line which passes through A and B. It would be 1'.-3 = -2.-"3 This ?(-~- -1-s-
could be simplified to ~:s = f . From the two point form the point 
slope form can be derived. 
1. ¥-l,1. ::: ~1 - "-a. 1. Two point form 
X·-X'..t Xi- X..z. 
2. Y-Y.z. = (~-~) (x-x.t) 2. Multiplication axiom 
';\:1- ~ 
3. • •• Y-Y.:2. =m(x-x2 ) ). substitution axiom which 
is the point slope form. 
The final form of the equation of a straight line which we will con-
sider is called the intercept form which can be derived from the slope 
intercept form. Let a line AB intercept the X-axis at a point B (a, 0) 
and intercept the Y-axis at a point A (0, b) as in Figure 23. The 
student should try to furnish the reasons in this derivation. 
1. y=mx+b 
2. y= ( 0 -b)x+b or q-o 
y= -bx. +b 
Q 
3. y+ hax. ::.+b 
4. :. f +~ =l or 
l-- +l =l which is the 
intercept form. 
y 
-Y 
Figure 23 
1. 
2. 
3. 
4. 
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x 
Symbol 
1. L ABC; Ls 
2. L'.\. ABC; LS\ 
3. (~. y) 
4. .d x or n.y 
5. 1.. 
6. 
. ?. -
,....; 
8. -
-
9. > 
10. < 
11. + 
12. 
13. rn· 
14. . . 
15. 11 
16. ·tl"">./ 
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APPENDIX A 
SYMBOLS 
Meaning 
1. angle ABC; angles 
2. triangle ABC; triangles 
3. an ordered pair of numbers 
4. delta x or delta y; 
x difference or y difference 
5. is perpendicular to 
6. is equal to 
? • is approximately equal to 
8. is congruent to 
9. is greater than 
10. is less than 
11. plus or positive sign 
12. minus or negative sign 
13. letter customarily used 
for slope 
14. therefore 
15. parallel to 
16. is similar to 
APPENDIX B 
DEFINITIONS 
1. ABSCISSA The x-coordinate of a point 
2. CIRCLE A plane figure consisting of all the points in a given plane 
at a given distance from a given point 
3. COLLINEAR POINTS Points on the same straight line 
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4. CONSTANT A number in an expression that has only one value in contrast 
to a variable which may have many different values 
5. COOH.DINATE SYSTEM OR PLANE The plane determined by a pair of axes 
whose points are located in this plane by an ordered pair of numbers 
6. COORDINATES The ordered pair of numbers used to locate points in a 
coordinate plane 
7. EQUATION A statement showing that two expressions or numbers are equal 
8. FIRST DEGREE EQUATION An equation of the form ax+by+c=O with a, b, 
and c given as real numbers; a and b are not both zero; and x and y 
are variables (unknowns) 
9. FOR..11.'J:ULA An equation that is often thought of as a rule in arithmetic 
10. GRAPH A set of points all of which satisfy a given formula or equation 
11. LOCUS The set of all points which satisfy a given condition 
12. .i~ON-COLLINEAR POINTS Points not on the same straight line 
lJ. ORDERED PAIR OF NUMBERS A pair in which one of the numbers is named 
the first; the other, the second 
14. ORDINATE The y-coordinate of a point 
1.5. ORIGIN The intersection of the axes in a coordinate system 
16. RECIPROCAL v1ben the product of two numbers is 1, either number is the 
reciprocal of the other. For example { X J =l thus 1:- and j- are 
reciprocals of one another. 
SLOPE OF A STRAIGHT LINE The ratio ~t =-.lf=~ where (~, jj ) and 
(x..i, ~ ) are coordinates of two different pciints 
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APPENDIX C 
FORMULAS 
y 
-x ----------+------------0 x 
1. Three forms or the general 
distance formula 
2. Midpoint formulas to be used 
in computing the coordinates 
x..J , ~ of the midpoint 
-Y 
(b) d = v(-6-x..)2. + (.l\~)2. 
(c) d:::: v(x.1-x.:z.):l.+(;;z-11-.)~ 
(a) 
(b) A/-3 -= =Yi + .¥.11. 
A. 
3. General forms of the equation of a straight line 
(a) y=k (a) a line parallel to x axis 
(b) x = k (b) a line parallel to y axis 
(c) y = mx (c) a line through the origin 
(d) y=mx+b (d) slope intercept form 
(e) 
(f) 
(g) 
~ - 1-i - "f1 - ~;I. 
-x- -x:.;2. - -x:1 - x).. 
Y-Y-. = m(x-x ) 
.1 i 
x ,/J_ a-+-t = 1 
(e) 
(f) 
(g) 
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two point form 
point slope form 
intercept form 
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